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The presence in testicle extracts of a  factor enhancing the lesions 
produced by infectious agents was demonstrated by Duran-Reynals 
(1).  Subsequently McClean  (2)  and  Hoffman  and  Duran-Reynals 
(3)  reported that  testicle extract had the power to  diffuse through 
certain tissues, especially the connective tissue of the skin.  Extracts 
from other mammalian organs were found to have these properties, 
though to  a  lesser degree  (4,  5).  Attempts by  several workers  to 
demonstrate similar properties with a  variety of chemicals and with 
natural products from animal tissues were unsuccessful (6). 
In the course of a study dealing with the effect of tryptic digestion 
on the spreading power of testicle extract we  were led to  test  the 
action  of  certain  diazo  compounds  on  skin  permeability.  These 
compounds proved to be very active diffusing agents.  The results 
obtained  with  sulfanilic  acid  derivatives  have  been  reported  in  a 
preliminary note (7). 
The properties of the diazo and azo compounds have been studied 
further  and  the  specificity of  the  active  chemical group  has  been 
investigated. 
Properties of p-Diazobenzenesulfonic  Acid and Its Effect on Skin 
Permeability 
Sulfanilic acid, from which the diazo compound is prepared, has no 
apparent  action on dermal permeability.  Solutions of sulfanilic acid 
at  various  concentrations,  neutralized  with  sodium hydroxide  and 
injected intradermally with India ink as indicator, leave a  wheal of 
diffusion which does not differ from that produced by water or by 
isotonic salt solution. 
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The diazo  compound, namely p-diazobenzenesulfonic acid,  which 
was prepared by treating sulfanilic acid with nitrous acid is a white, 
crystalline  substance,  sparingly  soluble  in  cold  water.  The  com- 
pound is known to be unstable, decomposing with loss of nitrogen, 
especially in alkaline solution, and in dry form it may decompose with 
deflagration.  In presence of acid, the product is fairly stable when 
moist aud kept at ice box temperature. 
In contrast to sulfanilic acid,  the diazo compound has a  striking 
effect  on skin permeability.  The inoculation of 0.5 cc. of a 1.5 per cent 
solution was followed by abrupt spread, indicated by the rapid fading 
of the bleb of injection and the widespread diffusion of the ink parti- 
cles.  The maximum spread, about 20 sq. cm., was reached in a few 
hours.  After 24 hours there was at the site of inoculation a circular 
area of about 3 cm. in diameter, deep blue and surrounded by a more 
faintly colored zone of spread.  Larger areas of spread could not be 
obtained by the use of more concentrated solutions.  The compound 
proved to have some irritating effect on the tissues, as indicated by the 
development of redness and discrete hemorrhages in the skin treated. 
Tested for its effect in vitro the diazo compound proved highly anti- 
septic.  Suspensions  of Staphylococcus  aureus and albus,  B. coli,  and 
B. prodiglosus were mixed with equal volumes of a neutral solution of 
the diazonium salt.  2 or more minutes of contact with the chemical 
completely suppressed the growth of subcultures of the treated organ- 
isms on agar and in  broth?  The mixtures  as  well  as  the  freshly 
prepared solutions of the diazo compound gave a positive test with the 
potassium iodide-starch indicator.  This was the result of a slow  de- 
composition of the product which was accompanied by effervescence 
and liberation of nitrogen.  The spontaneous decomposition of the 
product was accelerated by boiling  the  solution or by the addition 
of alkali.  Both methods resulted in a stable product which had lost 
its toxicity as well as its oxidizing property, but in this case also much 
of its spreading power.  According to these observations, the iodide- 
starch indicator was used as an index of the toxicity of solutions of 
the diazo compound. 
11 am indebted to Dr. F: Duran-Reynals  for the performance  of  these  tests. ALBERT  CLAIYDE  231 
Preparation and Properties of Diazobenzenesulfonic Acid Coupled with 
Substances of Small Molecular Weight 
Coupling of the diazo compound with tyrosine, histidine, sulfanilic 
acid, and a number of other substances of relatively small molecular 
weight was carried out for the purpose of obtaining a stable azo com- 
pound.  The combination of these substances in molecular propor- 
tions with a  1 per cent solution of the diazo compound resulted in 
products colored orange to deep red.  The rubefacient effect on the 
skin and the bactericidal property of the free diazo compound were 
reduced by coupling, but the type and extent of spread obtained on 
intradermal inoculation were very similar to those of the free diazide. 
p-arsanilic acid as source of the diazo compound  was also substituted 
for sulfanilic acid and its diazo derivative coupled with tyrosine.  This 
product was precipitated from solutions by means of glacial acetic 
acid and washed several times with alcohol and ether.  A 1.4 per cent 
solution of the dry tyrosine bis-azobenzenearsanilic acid was made in 
water and in horse serum.  The spread of India ink resulting from 
intradermal inoculation of these solutions was of the same type and 
general extent as that obtained with other diazo derivatives: on the 
average 14.4 sq. era. as compared with 5.7 sq. era. of spread induced 
by Ringer's solution, or by normal horse serum. 
Preparation and Properties of Azoproteins 
Azoserum.~--The  failure to obtain a widespread diffusion with dia- 
zonium salts  or  with  azo  derivatives of relatively  small molecular 
weight was  tentatively  explained  by  the  great  diffusibility of  the 
products.  It was assumed that the effect of the substance would be 
but slight if it were taken up rapidly into the blood and carried away) 
Therefore, better results were sought by combining the diazobenzene- 
sulfonic  acid  to  larger  molecules.  Coupling  with  sera  of various 
origins,  egg albumin, casein,  and gelatin was attempted.  On skin 
inoculation the resulting azoprotein gave a spread similar in type and 
2 The term "azoserum" has been adopted in this work as an abbreviation for 
"azoprotein prepared from serum proteins." 
a Since  later  work  with  azoproteins  proved  satisfactory, no  attempts  were 
made to confirm this hypothesis by appropriate experiments. 232  SPREADING PROPERTY OF  AZOPROTEINS 
extent to that commonly effected by testicle extract.  In the following 
work,  horse serum  was mainly used  for the preparation  of the  azo- 
protein.  However,  a  3  per  cent  egg  albumin  could  be  used  with 
equally good results. 
Preparation of the Diazo Compound.--1.045 gin. sulfanilic  acid  (5 millimoles 
p-(NH2).C6H4(SO~H)  +  2H~O--molecular  weight,  209.14) was  suspended  in 
10 cc. •  HC1.  The reaction must be performed at low temperature---around 0°C. 
5 cc. I~ NaNO2 are added slowly with  continuous stirring,  and  the progress of the 
reaction  followed with  KI-starch paper  as  indicator.  Absence  of free  HNO~ 
is indicated  by a negative reaction:  the diazo compound itself  oxidizes the starch 
paper,  but with a certain  delay, and one can easily differentiate  between this and 
the effect of nitrous  acid. 
The diazonium salt which was formed settles  out as a white crystalline  mate- 
rial.  About 2.4 cc. of this moist  compound was collected by centrifugation  and 
the acid supernatant fluid discarded.  The material was  washed rapidly in the 
centrifuge tube by suspending the precipitate  in 12 cc. of ice cold distilled water. 
The washing was repeated  twice in order to rid the reagent of excess hydrochloric 
acid.  The last washing should be neutral to Congo red.  After the last centrifuga- 
tion about 1.2 cc. of the crystalline substance  was left in the test tube, or roughly 
one-half of the starting material,  corresponding  approximately to 2.5 millimoles 
of the  diazo  compound. 
Coupling with Horse Serum.--Coupling was  accomplished  by adding 3.5  cc. 
N NaOH to 10 cc. horse serum, to give a pH of at least 9.0, and by adding to this 
alkaline  mixture  the washed  diazo  compound suspended  in  a  few cubic  centi- 
meters  of cold  distilled  water.  This  part  of the  reaction  was also  performed 
at a temperature near to 0°C.  Coupling was indicated by a deep red color which 
developed instantly.  The solution was  made up to a volume of 30 cc. with dis- 
tilled  water  and  the  preparation  neutralized  by means  of normal acetic  acid. 
This method is not quite quantitative for the azo reaction,  but has given the best 
results as regards the desired type and extent of spread. 
Azoserum solutions  prepared  according  to the foregoing method had a  total 
solids content of about 55 rag. per cc., calculated  on the basis of 2.5 millimoles 
diazide  per 30 cc.  Mter dialysis  the solution  was brought back to its original 
volume and the dry weight of the azoserum solution  found to be 32 rag. per cc. 
Diffusion  of Azoserum in the Rabbit Skin.--To  test  the  spreading 
power 0.5 cc. of the azoserum preparation was mixed in a syringe with 
0.25  cc.  of  India  ink  previously  diluted  with  2  volumes  of  water, 
and  the mixture inoculated intracutaneously into  the dorsal part of 
the flank of a  rabbit. 4  The injection of this amount of azoserum was 
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followed by a  slow and progressive spread of the substance (as shown 
by inoculation made without indicator) and of the ink particles as well. 
In  the  rabbit  the  maximum  area  of diffusion is  reached  ordinarily 
after 5 to 6 hours, but diffusion may progress for even longer periods. 
The type of progression of the spreading has been illustrated in Text- 
fig. 1,  and in Figs.  1  and 2. 
A  B 
T~.xT-FIG.  1.  Progression  of spreading  of India ink particles  in  the rabbit 
skin under the influence of azoprotein  (sulfanilic acid egg albumin). 
A  ~- saline control.  B ~  spreading of 0.5 cc. azoalbumin plus 0.25 cc. of India 
ink indicator.  1  =  site of inoculation.  2, 3, 4,  and 5  =  measurements after 
2, 4, 7, and 9 hours following inoculation,  respectively. 
The diffusion extended~ver an area of 82 to 133 sq. cm., while the 
controls m~de with Ringer's solution or untreated horse serum reached 
a spread of 6 to 10 sq. cm.  The extent of maximum diffusion may vary 
greatly from one  individual  to  another  owing  to  differences in  the 
original permeabilty of the skin used for the test. 234  SPREADING PROPERTY OF AZOPROTEINS 
The types of spreading induced by sulfanilic acid and its diazo and 
azo derivatives are compared in Text-fig. 2 and in Table I. 
The condition resulting from the inoculation of sulfanilic acid alone 
did not differ from that produced by saline solutions or normal horse 
serum.  Uncoupled aromatic compounds and nitrites were eliminated 
as a  cause of spreading when it was found that when phenylalanine, 
which cannot be diazotized, was submitted to the usual manipulations 
TExx-FI6.  2.  Character  of spreading induced by sulfanilic acid derivatives. 
Intradermal  inoculation in the rabbit of 0.5 cc. of solution plus 0.25 cc. of India 
ink  indicator. 
A  -- 1.5 per cent sulfanilic add solution (8.2 sq. cm.); B  =  1.5 per cent diazo 
compound solution  (24,2 sq.  era.); C  =  azoserum preparation  (126.7 sq.  cm.). 
of diazotization and coupling, the resulting mixture of amino acid and 
nitrites caused a spread of India ink no greater than that induced by 
isotonic  saline.  Uncoupled  proteins  were  eliminated  as  a  cause  of 
spreading when horse serum or protein solutions gave the same results 
as isotonic saline.  As mentioned above, the diazo derivative produced 
a massive spread of the ink particles immediately around the point of 
injection while further diffusion seemed to be prevented. 
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through  the  skin,  carrying  with  them  the  ink  particles,  which 
accumulate in places quite remote from the site of inoculation.  Often, 
as in the case of Text-fig. 2 and of Fig. 3, the diffusion seemed to be 
limited ultimately by anatomical conditions of the body and the posi- 
tion of the animal. 
In contrast with the rubefacient effect of the uncoupled diazo com- 
pound, azosera were not injurious to the skin, except for an edematous 
TABLE  I 
Area of Spread in the Rabbit Skin Resulting from  the Intradermal Inoculation of 
0.5 Co. of Sulfanilic  Acid Derivatives plus 0.25 Cc. of India Ink Indicator 
Experiment No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Average .... 
Ringer's 
solution 
sq. Cm. 
6.1 
9.3 
8.3 
7.4 
5.2 
10.0 
1.8 
6.0 
5.5 
6.6 
Normal horse 
serum 
Sq. Cfn. 
7.5 
8.1 
7.5 
7.8 
6.7 
8.4 
2.0 
6.8 
Sulfanilic acid 
(neutral solu- 
tion) 1.5% 
Sq. Cftt. 
6.5 
10.0 
6.4 
6.0 
10.8 
7.0 
10.8 
7.0 
6.6 
6.8 
Diazo 
compound 
(neutral solu- 
tion) 1.5% 
Sq. ¢m. 
17.5 
23.0 
22.5 
16.2 
20.1 
24.5 
25.0 
26.3 
18.8 
37.8 
19.2 
23.2 
16.2 
22.3 
Sulfanillc acid 
azoserum 
Sq. G•. 
67.6 
84.0 
117.6 
123.0 
90.8 
131.1 
90.3 
90.1 
87.0 
133.6 
96.0 
105.0 
97.0 
109.0 
82.0 
105.3 
100.6 
thickening persisting only during active spreading.  The spreading 
power of the azoserum solution was retained after complete dialysis. 
Neutral solutions of azoserum stored in the ice box retain their spread- 
ing power up to  10 months after preparation, whereas drying, com- 
pleted at 105°C., destroys about half the spreading activity. 
Effect of Azoserum on the Growth of Bacteria in Vitro.--When neutral 
azoserum solutions of graded potency were mixed with equal volumes 
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as abundantly as subcultures from bacterial suspensions mixed with 
equal volumes of isotonic saline.  For these tests 24 hour agar cultures 
were taken up in 100 cc. distilled water or in isotonic saline and after 
different periods of contact with azoserum, from 2 minutes to 2 hours, 
at room temperature,  the mixtures were subcultured at 37.5°C. for 24 
hours.  In  five  experiments  the  growth  of  these  cultures  was  con- 
sistently abundant.  The results are shown in Table II. 
As shown in Table II, neutral azoserum solutions have no inhibiting 
effect on the growth in vitro of Staphylococcus aureus and albus, B. coli, 
or  B.  prodigiosus.  The  cultures  obtained  from  azoserum  mixtures 
were always as abundant as those obtained from the saline controls. 
Azoalbumin.--Azoalbumin  was prepared according to the procedure 
adopted for azoserum:  10 cc. of a 3 per cent albumin solution (soluhle 
albumin egg, Merck) was treated with a  quantity of diazo compound 
equivalent to about 2.0 millimoles.  2~he  amount of alkali required for 
the coupling of pure protein  solutions was generally less than  when 
serum was used, possibly because of the presence of additional buffer 
agents in  the serum. 
The diffusion obtained with this material was of the same type, both 
in  character  and  in  extent,  as that  induced  by the  usual  azoserum 
preparations.  0.5 cc. of this azoalbumin solution gave a spread of 126 
sq.  cm.  upon  inoculation  in  the rabbit  skin.  Azoalbumin  solutions 
stored in the ice box retained  their diffusing powe  r .  They exhibited 
no  rubefacient effect on  the skin  and  were without  any bactericidal 
power in vitro,  as tested for the effect on the growth of Staphylococcus 
aureus cultures. 
The correlation between the potency of azoprotein solutions and the 
amount of diazo compound used in their preparation was also investi- 
gated.  When the concentration of albumin was kept constant and the 
concentrations of diazonium salt used for coupling were graded up to a 
quantity equivalent to 2 millimoles of diazo compound for 10 cc. of 3 
per  cent  egg albumin  the  spreading  power of the  coupled products 
was found to be proportional to the quantity of diazo compound used 
for coupling. 
According to Pauly (8)  the chemical groups in proteins most apt to 
react with  diazo  compounds are  tyrosine and  histidine.  Moreover, 
Pauly showed that each molecule of these amino acids can unite with ALBERT  CLAL~D~E  237 
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two molecules of the free diazo group.  However, aliquot molecular 
concentrations of diazonium salt and of these amino acids in the iso- 
lated state yielded no more than 20 per cent of the quantity of azo 
compound expected from theoretical consideration (9).  This discrep- 
ancy was attributed to concomitant side reactions. 
The amount of both tyrosine and histidine available in 10 cc. of 3 
per cent egg albumin (i.e. 0.3 gin. albumin) would correspond approxi- 
mately to a total of 0.1 milllmole for the two amino acids (10).  From 
these considerations, complete diazotization would be provided with 
1.0 millimole of the diazo compound.  For the tests recorded in Table 
III, 3 per cent protein solutions were used.  In each case,  1.0 milli- 
mole of the diazonium salt was made to react with 10 cc. of the protein 
solution.  The tests were performed as usual by intradermal inocula- 
tion of 0.5 cc. of the solution in the rabbit skin.  Ih this case, the area 
of spread from azoalbumin solution was 76.7 sq. cm.  However, more 
active preparations result when even higher concentration of the diazo 
reagent is provided, the maximum effect being obtained when there is a 
proportion of 2 millimoles of the diazonium salt per 0.3  gin.  of egg 
albumin.  Such preparations gave a spread of from 126 to 137 sq. cm. 
in the rabbit skin.  This seems to be the saturation point for the pro- 
tein since even greater excess of diazide fails to increase the potency 
of the preparation but leaves a toxic solution, indicating the presence 
of free diazo groups.  ~ 
These observations may suggest that, under the present conditions, 
the yield in complete diazotization of albumin, is no more than 10 per 
cent, or that there are in the protein molecule groups other than tyro- 
sine and histidine able to unite with the diazo radical. 
Azogelatin.--Gelatin  is known to lack certain amino acids:  tyrosine 
is absent, but as much as 2.9 per cent of histidine has been reported 
(10, 11).  However, the ability to unite with diazo compounds proved 
to be limited, at least with the grade of gelatin used in these experi- 
ments,  fihe histidine  content being apt  to  vary from one brand  of 
gelatin  to  armther.  When  a  3  per  cent  gelatin  solution  was  used 
instead of horse serum or albumin, a moderately colored product was 
5  Decomposition  of the diazo compound is indicated by abundant effervescence 
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obtained and the azogelatin, after dialysis, gave an average spread in 
the rabbit skin of 31.4 sq. cm. 
Azogelatin prepared according to the foregoing method exhibited a 
definite oxidizing power, indicating the presence of free diazo com- 
pounds in the solution.  These preparations prevented the growth of 
staphylococcus in vitro, neutralized vaccine virus suspensions, and had 
a  rubefacient effect on the skin.  Non-toxic azogelatin preparations 
could probably be prepared if care were taken to avoid an excess of 
reagent and if the concentration of diazo compound were limited to the 
coupling power of the gelatin molecule. 
TABLE III 
Properties of A zo Compounds Prepared by Coupling Diazobenzenesulfonic A cid with 
Various Proteins 
Type of protein 
Gelatin  .................. 
Casein  .................. 
Egg albumin I* .......... 
Egg albumin II* ......... 
Horse serum  ............. 
Chicken serum  ........... 
Saline (control)  ........... 
3xido~tion 
KI-starch 
reagent 
+++ 
inhibitioi 
ff growth 
ff Staphy 
lococcus 
3ureus in 
~itro 
+++ 
Area c 
atrade 
real 
oread 
rabbi1 
skin 
sq. cm 
31.7 
68.4 
76.7 
.37.0 
67.3 
74.2 
8.1 
Skin reaction 
Redness, edematous  in center 
Redness, edematous  in center 
Normal, no irritation 
Normal, no irritation 
Normal, no irritation 
Normal, no irritation 
* 1.0 and 2.0 milllmoles  of diazonium salt to 10 cc. of 3 per cent egg albumin 
solution were used in the preparation of egg albumin I  and egg albumin II re- 
spectively. 
The spreading power of azogdatin solutions could not be increased 
by the use of stronger alkali or by treating the protein with larger 
amounts of diazo compound.  The foregoing observations sustain the 
opinion that the spreading power of azoprotein depends on the number 
of diazo groups attached to the protein molecule. 
Specificity of the D~azonium Radical on the Spreading Power 
of Azoprotein 
Azoproteins were found to possess the property of increasing dermal 
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compound was attached.  The r61e played by the azo group in the 
spreading property of azoproteins was indicated when it was found 
that the side chains in the aromatic nucleus of the diazonium radical 
did not specifically affect the spreading power of the azoprotein. 
Equimolecular amounts of aniline and of arsanilic acid were diazo- 
tized in the usual manner.  The diazo compounds were then coupled 
in various proportions either with horse serum or with egg albumin or 
casein.  The resulting azoproteins, as well as  the intermediate prod- 
ucts of diazotization, were tested as usual for their ability to diffuse 
through the rabbit sldn.  The results, presented in Table IV, demon- 
strate that the effects obtained with sulfanilic acid derivatives can be 
duplicated  with  aniline  and  arsanilic  acid  derivatives.  When  the 
proportion of reagents was comparable, i.e.  2.5 millimoles of the diazo 
compound  for each 10 cc. of serum, the spreading power of the product 
appeared to be of the same type and intensity (sera III, Table IV) 
whether the azoprotein was derived from aniline,  arsanilic  acid,  or 
sulfanilic acid.  It may be mentioned that some disadvantage attends 
the relatively low solubility of the aniline azoserum.  The fact that 
the structure of the diazonium radical is not directly involved in the 
diffusing property of azoproteins is further illustrated by the behavior 
of some other azoproteins prepared from benzene polypeptide deriva- 
tives, whose effects are also presented in Table IV. 
Therefore it seems that the property conferred upon azoprotein by 
coupling  results from the introduction of the azo group in the molecule. 
According to the foregoing observations, active azoproteins may be 
presented by the following formula, where histidine (or possibly some 
other cyclic grouping) could be substituted for tyrosine and where R 
could be a group such as sulfonic acid, arsonic acid--or hydrogen in 
the case of aniline. 
[  H~CH2CHCO  --  -- Protein 
Moreover, the spreading power of the azoprotein appears to increase 
with the number of azo groups entering the molecule.  Assuming that 
the conditions are uniform throughout the solution, it may be that only ALBERT  CLAUDE  241 
one  active  hydrogen  of  the  reacting protein  amino  acid will be  first 
substituted  if  an  insufficient  amount  of  diazo  reagent  be  provided. 
The  maximum  effect  would  be  reached  with  the  saturation  of  the 
coupling power of the protein,  e 
TABLE  IV* 
Spreading Power of Diazo and Azo Compounds Other than Sulfanilic Acid Derivatives 
Solution  tested for spreading powert 
Concen-  Diazo 
tration in  compound  Area of 
solution  per 10 cc.  spread 
serunl 
per cent  millimoles  sq. cra. 
Aniline derivatives: 
Ringer's solution (control)..  6.3 
Diazobenzene  hydroxide.  1.0  35.7 
Azoprotein (horse serum) I  0.6  39.0 
Azoprotein (horse serum) II  ........  1.2  47.0 
Azoprotein (horse serum) III  ....  2.5  90.0 
ArsaniUc acid derivatives: 
Ringer's solution (control)..  4.6 
Arsanilic acid (neutral solution).  1.7  6.0 
Diazo compound.  1.7  27.0 
Azoprotein (horse serum) I  0.6  55.0 
Azoprotein (horse serum) II  .....  1.2  73.8 
Azoprotein (horse serum) III  ......  2.5  109.6 
Azoprotein (casein) .....  4.0  62.6 
Amino acid derivatives (azo compounds):~ 
Aminobenzoyl-glutaminic  acid-horse serum  .....  4.0  1.2  30.1 
p-aminobenzoyl-leucyl-glycyl-leucine-horse  serum...  4.0  0.6  24.0 
p-aminobenzoyl-diglycyl-glycine-horse  serum..  3.8  0.6  29.5 
* The  tests  were  made  as  usual by inoculating intradermally in  the  rabbit 
0.5 cc. of the test solution together with 0.25 cc. of the India ink indicator.  Meas- 
urements were made the following day. 
The  azoprotein preparations were  obtained by coupling with  10  cc.  horse 
serum or a 3 per cent protein solution. 
I  am indebted to Drs. K. Landsteiner and J. van der Scheer who kindly pro- 
vided the samples for these tests. 
s In  their  study  on  the  antigenic  power  of  azoproteins,  Landsteiner  and 
Lampl (12)  found that intensive treatment of the protein with diazo compounds 
did not seem to favor the production of antibodies, better results being obtained 
when a lesser proportion of the diazo compound to protein had been used for the 
preparation  of  the  antigen.  This  discrepancy  might  suggest  that  antigenic 
property goes with partial coupling of the protein amino acids while the spreading 
power is directly proportional to the degree of azotization of the protein. 242  SPREADING  PROPERTY  OF  AZOPROTEINS 
DISCUSSION 
Diazonium  derivatives  of  aromatic  amines  were  discovered  by 
Griess (13), and the ability of these compounds to form highly colored 
products under certain conditions has been utilized extensively in the 
dye industry.  Ehrlich showed that this property of yielding colored 
compounds could be applied to the diagnosis of certain pathological 
conditions  (14).  More  recently  this  chemical  reaction  supplied 
valuable material for th  e study of immune processes (15-17). 
In the work here reported it was found that azoproteins injected 
intracutaneously were capable of spreading through an extensive area 
of the skin.  The protein acquires this property upon coupling with 
an  aromatic  compound  through  a  diazo  group,  but  the  entering 
aromatic radical fails to confer any specific character on the sp~ead~ing 
ptlen0menon.  Likewise, the type of protein selected for tt~e reaction 
is indifferent provided the nature of the protein itself does not exclude 
the formation of azo combinations.  The presence of the azo linkage 
in the protein molecule appears to be the factor responsible for the 
appearance  of  spreading  properties  and,  within  certain  limits,  the 
spreading power depends upon the number of diazo groups introduced 
into the molecule.  The effect of coupling on the physical properties 
of the protein and its relation to the diffusing capacity of the product 
has not been investigated.  The introduction of a strong acid radical 
such as sulfonic acid or arsonic acid is likely to affect the solubility 
and also the ionization of the protein.  However, this does not seem 
to explain entirely the phenomenon, since the azoproteins prepared 
from  aniline  exhibit  comparable  diffusing  properties.  The  direct 
proportionality  between  the  concentration  of  dialyzed  azoproteins 
and their power to diffuse might indicate that we are dealing here with 
a physical rather than a chemical phenomenon.  7 
The mechanism of spread of azoproteins has not been closely inves- 
tigated.  Microscopic examination  of  the  treated  area  shows  that 
dispersion  occurs  within  the  connective tissue  layer,  the  epithelial 
components of the skin remaining unaffected.  During active spread 
the collagen bundles appear swollen and more widely separated from 
each other. 
7  Indirect observations suggest that  the osmotic pressure of azoproteins is 
appreciably greater than that of the original  proteins. ALBERT CLAUDE  243 
So far there is no evidence that azoproteins and testicle extract have 
a  common mechanism of action,  although  their ultimate  effect on 
tissue permeability may be the same. 
In the beginning of this work, some spreading was observed follow- 
ing the injection of diazo derivatives.  It is reasonable to assume that 
when the diazonium salt was introduced into the neutral or slightly 
alkaline medium of the skin some coupling took place at the expense 
of the body proteins.  The diffusion observed would then be produced 
by the newly formed azoproteins rather than by the free diazide. 
SUMMARY 
I. Azoproteins arc  shown to have the property of  spreading  when 
introduced  intradermally  into  the  rabbit  skin. 
2. The aromatic derivative  selected  for  the  coupling  does  not  affect 
specifically  the spreading  property of the azoprotein. Likewise,  the 
type of protein  has no importance, except in quantitative  respects. 
3. The spreading  property conferred  upon a protein  by coupling 
appears  to  derive  from  the  presence  of  the  azo  group. 
4. The spreading  power of an azoprotein  preparation  seems to be 
determined by the number of diazo  groups which enter  the protein 
molecule,  and to vary in  direct  proportion  with the concentration  of 
the  solution. 
S. Azo compounds  of  low  molecular  weight  fail  to  exhibit  any  signifi- 
cant  effect on skin permeability. 
It is a  pleasure to thank Dr. D. A. MacFadyen for his assistance 
and advice in the preparation of the manuscript. 
BIBLIOGRAPHY 
1. Duran-Reynals, F., Compt. rend. Soc. biol., 1928, 99, 6; J. Exp. Ivied., 1929, 
50,  327.  Duran-Reynals, F.,  and Sufier-Pi, J.,  Compt.  rend.  Soc.  biol., 
1928, 99,  1908. 
2.  McClean, D., J. Path.  and Bact.,  1930, 33, 1045. 
3.  Hoffman, D. C., and Duran-Reynals, F., J. Exp. Med., 1931, ~  387. 
4.  Pijoan, M., f.  Exp.  Med.,  1931, 53~ 37.  Duran-Reynals, F.,  and Stewart, 
F. W., Am. J. Cancer, 1931, 15, 2790. 
5.  Claude, A., and Duran-Reynals, F., d. Exp. Med., 1934, 60, 457. 
6.  McClean, D., Biol.  Rev., 1933, 8, 345. 
7.  Claude, A., Science, 1933, 78, 151. 
8.  Pauly, H., Z. physiol. Chem., 1904, 45~ 508. 
9.  Pauly, H., Z. physiol.  Chem., 1915, 94~ 284. 244  SPREADING PROPERTY  OF  AZOPROTEINS 
10.  Asher, L., and Spiro, K., Ergebn. Physiol., 1931, 83, 870. 
11.  Wells, H. G., J. Infect. Dis., 1908, 5, 449. 
12.  Landsteiner, K., and Lampl, H., Biochem. Z., 1918, 86j 359. 
13.  Griess, P., Ann. Chem. u. Pharm., 1866, 137, 39. 
14.  Ehrlich, P., Z. hlin. Med.,  1882, lip 285. 
15.  Pick,  E.  P.,  and  Silberstein,  F.,  in  KoUe,  W.,  and  yon  Wassermann,  A., 
Handbuch  der  pathogenen  Mikroorganismen,  Jena,  Gustav Fischer, 3rd 
edition, (Kolle, W., Kraus, R., and Uhlenhuth, P.), 1929, 2, Liefg. 1,333. 
16.  Landsteiner, K., Die Specificitiit  der serologischen  Reaktionen, Berlin, Julius 
Springer, 1933. 
17.  Heidelberger, M., Medicine,  1933, 12, 279. 
18.  Fischer, H., Z. physiol.  Chem.,  1909, 60 ! 69. 
EXPLANATION  OF PLATE 13 
FIG, 1.  Rabbit 1 (left side).  Spread produced by intracutaneous inoculations 
of India ink suspension plus:  A, 0.5 cc. Ringer's solution; B, 0.5 cc. azoserum I 
(prepared by coupling 0.6 millimole  diazobenzenesulfonic  acid  with 10 cc. horse 
serum proteins); C, 0.5 cc. azoserum II (1.2 miliimoles diazo reagent coupled with 
10 cc.  horse serum proteins).  Photographs were taken 2 hours after injection. 
Final measurements of the area of spread, made the next day, were 6.7, 45.5, and 
18.2 sq.  cm. respectively. 
FIG. 2.  Rabbit 1 (right side).  Spread of India ink indicator produced by intra- 
dermal inoculation of: A, 0.5 cc. Ringer's solution; B, 0.5 cc. azoserum III (1.8 
millimoles  diazo  compound coupled with  10  cc,  horse  serum proteins);  C,  2.5 
millimoles  diazo compound coupled with  10  cc.  horse serum proteins.  Photo- 
graphs  taken  3  hours  after  inoculation.  Final  measurements made  the  next 
morning were 6.0, 82.6, and 94.9 sq. cm. respectively. 
FIO. 3.  Rabbit 2.  Spread produced by intracutaneous inoculation of 0.25 cc. 
of India ink indicator plus:  A, 0.5  cc. normal horse serum; B, 0.5  cc. azoserum 
(2.5 millimoles  diazobenzenesulfonic  acid compled with  10 cc. horse serum pro- 
teins);  C, 0.5 cc. azo-egg albumin (from coupling of 2.5 millimoles  diazobenzene- 
sulfonic acid with 10 cc. 3 per cent egg albumin solution).  The photographs were 
taken  24  hours  after  injection.  Under  the  influence  of  the  azoproteins  the 
indicator  spread extensively through  the  skin,  in  the  main part  following  the 
direction of gravity, and the India ink particles were found accumulated in the 
lowest part of the abdomen. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL. 62  PLATE 13 
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